Automatic recording of the frequency of feeding ÔbitesÕ was used to evaluate the effects of several organic acids (citric, metacectonic, lactic, acetic, and oxalic) on the stimulatory feeding behavior of Tilapia nilotica. Some of these acids are added to food stocks to retard spoilage. The results showed that citric acid at a concentration of 10 )2 to 10
Introduction
Many studies have been conducted to investigate the stimulatory feeding effects of different materials on fish, including amino acids, nucleic acids, lipids and betaine, as well as some extracts from other animals (Adams et al., 1988; Kasumyan and Sidorov, 1995; Kasumyan and Morsi, 1996) . Organic acids are abundant in extracts of tissues of fish and other aquatic organisms (Hidaka et al., 1992) . Some studies have shown their stimulatory effects on fish (Adams et al., 1988; Hidaka et al., 1992) . Some organic acids, especially citric, metacetonic, and acetic, are also added to pellets for storage effects and/or the improvement of feed utilization (Kumar et al., 1997; Sugiua et al., 1998) . As such acids may leach from food pellets and influence the feeding behavior of fish, the current study was designed to investigate the stimulatory effects of citric, metacetonic, acetic, as well as lactic and oxalic, acids on Nile tilapia.
Materials and methods
Tilapia nilotica juveniles (weighing about 5.5-11.5 g) were collected from the hatchery room of the Hefei Power Plant, Hefei, Anhui, P.R. China, and put into a temperaturecontrolled glass fish tank (88 · 44 · 52 cm) with recirculated water, for 3-weeks acclimation. During acclimation, fish were fed to satiation twice a day with the control diet (Table 1) . Water depth was about 33.0 cm, pH 6.9. The water was aerated for 24 h. During the experiment the water temperature was about 28°C. The tank was divided into two sections by a dark plastic plate whereby 10 fish were randomly allocated to each section. Feces were removed, the tank was cleaned each day and about 10% of the water was renewed daily. The fish were fed practical diets.
Experimental food was formulated as shown in Table 1 . All ingredients were ground and passed through a sieve of 60 pores per inch.
Experimental food (Table 1 ) was prepared at night and kept refrigerated at 4°C for use during the next day. Four acids including citric acid (2-hydroxy-1,2,3-propane tricarboxylic acid, HO-C(CH 2 COOH) 2 -COOH, 10 )6 to 10 )2 M M), metacetonic acid (propionic acid, CH 3 CH 2 COOH, 10 )6 to 10
acetic acid (CH 3 COOH, 10
)3 M M), and lactic acid (2-hydroxypropionic acid, CH 3 CH(OH)COOH, 10 )5 to 10
and oxalic acid (HOOCCOOH, 10
were tested. Solutions of the test acids were prepared at different concentrations and added to a mixture of the food ingredients (Table 1) while only water was added to the control food. Food balls (test and control) were prepared to be of similar color, size, hardness, and consistency, and were affixed to stainless steel wires whereby one end of each wire was connected to an event recorder. The movement of the food ball when touched by the fish was transferred into an electronic signal and recorded by a function recorder.
During acclimation, two food balls (weighing about 3 g each) were hung three times a day in the tank (10 cm under water) for training of biting reflexes. After 10 days the fish became accustomed to biting the food when it was placed in the tank.
During the experiment, two food balls (a test and a control ball) were placed in the water at the same time. Ensuring bites were recorded on the event recorder (LZ3-304 function recorder), the recorder was started 30 s after the food balls were placed in the water. Each testing period lasted for 3 min and the positions of the test ball and control ball were changed every testing period.
The N c (bites per testing periods on the control food ball) and N t (bites per testing periods on the test food ball) were collected to provide a relative biting rate (RV) which was calculated as:
Paired t-tests were used to analyze the significance of the bites to the test food ball and those of the control. ANOVA ANOVA and Duncan multiple tests were used to determine the significance of differences in the relative biting rate (RV) between test acid concentrations and those of the control.
Results
The different test concentrations (10 )6 to 10 )2 M M) of citric acid had stimulatory effects on the Tilapia nilotica feeding response/ biting rate. No significant differences were detected among different concentrations (P > 0.05) ( nilotica; again there were no significant differences among responses to these four concentrations (P > 0.05). Metacetonic acid (10
had a repulsive effect on the fish biting rate (P < 0.05). Lactic acid of several concentrations (10 )5 to 10 )2 M M) had stimulatory effects and there were no significant differences among the four concentrations (P > 0.05). Acetic acid at 10 )5 M M concentration had no stimulatory effect, while 10 )3 M M had a repulsive effect on tilapia (P < 0.05). Oxalic acid of 10 )6 M M had no stimulatory effect on tilapia.
Discussion
A one-food-ball method was used in a previous experiment (Wang et al., 1989) . It could have possibly included an error in the difference in feeding time and other environmental conditions. The present study used a two-food-ball method to test the stimulatory effect of organic acid; this method is considered more appropriate to discriminate between testing and control situations.
The present experiment shows that citric, metacetonic, and lactic acids have stimulatory effects while 10 )3 M M acetic and metacetonic acids have repulsive effects on Tilapia nilotica. Citric and lactic acids have been reported to be effective in stimulating or enhancing feeding behavior when applied individually or together with other extractive compounds in tilapia, Tilapia zilli, or plaice, Pleuronectes platessa (Machie, 1982; Adams et al., 1988) . In a study on tilapia (Adams et al., 1988) , citric acid was found to be stimulatory at a concentration of 0.01 M M whereas 0.001 M M citric acid did not stimulate feeding. The present results showed that citric acid at a concentration of 10 )6 to 10 )2 M M had stimulatory effects. But 116 g kg )1 citric acid significantly decreased feed intake of rainbow trout (Fauconneau, 1988) . The difference in the stimulatory effect of different concentrations may be due to the difference in pH level (Yoshii et al., 1979) or the differences in fish species.
Citric acid, metacetonic acid, and some other organic acids are usually used in fish feed pellets for storage (Bontenbal, 1991; Williams and Rodrick, 1991; Xu, 1997) . If the stimulatory effect on fish is confirmed, it could improve fish feed quality regarding both storage and feeding stimulation. Future studies should be focused on other normally used organic acids and their suitable concentrations. ** mean N t is highly significant (P < 0.01). * mean N t is significant (P < 0.05). ns not significant (P > 0.05). Different superscripts after RV value shows significant difference (P < 0.05). 
